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ABSTRACT: Plasmoid collisions were investigated in axially
symmetric magnetic fields using the principle of counter injection
into the trap and measuring the emission resulting from the colli-

sions. A strong interaction was found at high strengths of the mag-
netic field.
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\ PLASMOID COLLISIONS IN AN AXIALLY
SYMMETRIC MAGNETIC FIELD

; The study of the mteractlon of counter—streammg plasma bunches (plasmoid '3\
- streams) is of interest in connection with the problem of m]ectmg plasma into a l/ 1%

| _magnetie-trap, | , — |

As shown by numerous experiments, one of the difficulties in filling the trap
with plasma bunches lies in the fact that bunches having relatively large transla-
tional energy penetrate into the trap easily and also leave it easily. This applies to
both the mirror traps and traps with \cusp—type geometry. It is conceivable that
one of the methods of surmounting this difficultyis the injection of counter streams
into the trap under the conditions of their interaction.

| As is well known the interaction of counter plasma streams can ' be caused d by two
mechanisms: in a relatively dense and cold plasma - by Coulomb' colhsmns andina |
rarefied and hot plasma - by collective interactions. As a result of such interactions
the kinetic energy of the plasma streams can be transformed into thermal energy.

| Plasmoid collisions were experimentally investigated in [1 ~ 3], In [1] an )
attempt was made to detect the "two-stream' non-Coulomb inferaction in counter
streaming bunches along a homogeneous axial magnetic field; deuterium bunches
created by titanium absorptive sources had the following parameters: energy of the
directed motion ~ 900 eV; temperature of the ions ~ 45 eV; temperature of the
electrons roughly the same as that of ions. The interaction was not detected since
the electron temperature of the colhdmg bunches was not sufficiently high. Similar
experiments have been described in [2] but these experiments were conducted using
coaxial plasma injectors. Each injector produced two successive bunches, the first
bunch was faster but less dense than the second. It was found that the faster bunches /7
_do not interact (also because of small electron temperature) but Coulomb interaction ~—
ofthe second, i.e., of the slower bunches was noticed. Although in this work the
attention was devoted mainly to the study of the first bunches, it was suggested that
the second bunches could prove to be more suitable for use in thermonuclear devices
since they are efficiently captured in the trap and can be subsequently heated, for
“example, by adiabatic compression. Finally in [3], conditions for filling a trap of
'“cusped angled geometry by a simultaneousinjection of plasmoids (plasma bunches)
- through annular and axial slits were investigated. Coulomb interaction and the capture
- ofthe plasma inthe trap were observed. Althoughthe confinement of the plasma inthe
. -trap was apparently determined mainly by the large pressure of the neutral gas
. (from the "'tail'" of the plasma streams), nevertheless, with the counter injection
the time of confinement was several times larger thanwith the injection of single
‘plasmoids.

The object of our work is to investigate the interaction of counter-streaming
. plasmas in an axial field, under experimental conditions similar to those described
{ in [2] (for the second plasmoids).

*Numbers in the margin indicate pagination in the foreign text.
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The field could attain a maximum va.lue of 2 kOe in the central plane of the system

The plasma parameters and their variation as a function of the magmtude of the
magnetic field were determined in the central plane of the system, i ] '
of the collision of the bunches. The measurements were carried l:lt by a magnetic

probe and by spectrograph ISP-51.

/14
s The. netic probe consisted of a si
; (Fig 1) inthe central plane, i.e. fie. T
_variation of the vacuum magnetic o without compensating the
probe for this field, W such a probe records the change in the magnetic
field caused by the induced currents in the bunches as well as by the thermal dia-
magnetism of the plasma. There is so ssume that under the conditions
of our experiments the bunches become by the time they interact and the
induced currents in the region of interacti unimportant. Therefore the probe
records only the thermal diamagnetism. In these conditions the linear density of the
transverse energy of the plasma can be determined directly from the magnitude of the
probe signal Vp:
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where r, n, Te and Ti are respectively the radius, the density and the electron and
ion temperatures of the plasma; k is the Boltzman constant; H0 is the intensity of the
vacuum magnetic field; RC is the time constant of the integrator.

The time variation of the intensity of individual spectral lines and of the continuous
emission from the plasma was recorded with the spectrograph and photographic
attachments. A long focus camera was used so that the dispersion of the instrument
in the region of HB lines was ~ 7 A / mm. Furthermore the time integral spectrum was

photographed with a short focus camera (dispersion ~ 43 K/ mm). Because of the
weak luminosity of the plasma the photographs were made on the film RF-3 and the
lines were photometered on the microphotometer MF - 4,

Results of the me«asurements and discussien, :

*Flgure 3 shows typlcal oscﬂlograms of the magnetlc and the correspondmg hght
‘ ifferent magnetic fi 1d‘\mte ities (for the upper row of the oscillograms
r the mlddle row H or the bottom row H '

first column contains the magnetlc signal (upper oscillograms) and the continuum
emission (lower oscillograms) for a single injector operatlon The second column

gives the same oscillograms for two m]ectorfperatmns i(signals were obtained with

the same amplification). The third column corresponds to the same conditions as

the second; only in place of continuum emission the HB line is given (the magnetic [75

signals in the second and the third columns were obtained under identical conditions -
8o that they represent the reproduc1b111ty of the measurements)
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\ *Figure not reproducible.
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The intensity of the continuum emission is approximately constant over the
entire visible region of the spectrum and is approximately 50 times smaller than
the intensity of the H,line. This emission is apparently a sum of the recombmatlon
and bremsstrahlung émissions. :

The dependence of the transverse energy o as determ;ir}y}iéd /76

1 ﬁ

In the integral spectrum only these impurity lines are visible. As shown in
[4,5],. carbon and oxygen are formed as a result of the decomposition of the oil from
the diffusion pump and enter into the plasma at the time of the discharge as well as

from the walls of the plasma duct durmg the motion of the plasmmd \ e
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ation of the signal also increases by a factor of 2 - 3.

additive increase in the energy indicates a strong interaction
he conditions of our experiments it is unlikely that this was a
"colhsmnless” mteractmn It is most probable that the interaction of the bunches was
caused by Coulomb collisions between the particles. Actually, on the basis of previous
measurements [5] it can be assumed that under the conditions of the present experi-
ments the den31 3y of the charged partlcles in the bunches prior to their interaction

was ~ 1014 and the temperatu;

between ion-ion eolllslons is ~10-7

length of the Coulomhkldeceleratlon determ

h velocity of ~ 1,107 cm/sec the
s time is ~ 1 cm.

The results of the optical measure-
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; ‘ependence of the Dens1ty
of Charged Particles on the Magnetic
Field:

| 1—One bunch; 2—two bunches.
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: netic Field
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-of one bunch; 2-continuum emission | 0+
_ of two bunches; 3—oxygen emission |z . ‘05 R
(A = 4652 A), one bunch; 4—oxygen

. emission, two bunches. ‘

Flgure Gl Dependence of the Half_-

width of the H 5 line on the Magnetic

iy Feld:
1—One bunch; 2—two bunches.

As séen framil?‘lgs. ; «intensity of the continuum emission and more
so the dependene % ;e density, have a weak dependence on the
magnetic field and do not ind increase in the density when the field is in-
creased. The intensity of the emission for two bunches exceeds that for a single

bunch by approximately a factor of 2. The dependence of the halfwidth of the Hﬁ

line on the magnetic field is qudlltatlvely similar! (Flg. 7) . For the intensity of the

OII impurity lines the observed dependence is somewhat different. In the case of a
single bunch OII intensity decreases with the increase in the magnetic field, which
indicates a reduction in the impurities entering into the plasma from the walls of the
plasma duct (as a result of the radial compression of the bunch). A decrease in the
intensity of the impurities emission is also observed in the case of counter streaming
bunches in weak fields ( H >1 kOe) however, in large fields the intensity of this 18

emission remains unchanged.

Thus in the case of single beams the results of the optical measurements



t concluswely determined (we shall remark that a similar decrease '
' ,pa.rtlcles on increasmg the field was observed by the authors

In the case of 1nteract1ng bunches the magnetic and optical measurements may
appear to be inconsistent since an increase in the energy density is accompanied by
a decrease in the density of the particles. Possibly this is explained by the fact
that in the interaction the bunches get stopped and expand radially; as a result
the change in the density of the particles is insignificant. The behavior of the
intensity of the impurity lines can be explained by the fact that as a result of the
expansion the plasma comes in contact with the walls of the chamber. Thus the in-
crease in the transverse energy recorded by the magnetic probe is apparently caused
mainly by the increase in the plasma temperature (primarily ion temperature), which

occurs due to the thermalization of the initial kinetic energy of the bunches. Actually,
if it is assumed that as a result of the i ction the plasma fills the glass tube, 1. 125
T e 5 cm and the density remains ~ 1014 m-3, then it follows from the equality / 79

7r.r nkT = 5,10 erg/cm that T ~ 100 eV, which is of the same order as the initial
kinetic energy of the bunches. Again, the half width of the H 5 line, determined from

the integral spectrum does not conform to such a high temperature. This may be
accounted for by the fact that the hot plasma remains in the trap only for a short
time; this is also indicated by the short duration of the magnetic signal. Compara~
tively rapid decrease in the energy density of the trapped plasma is apparently

- caused not so much by the escape of the plasma through the loss come as by its
cooling due to the arrival of colder and weakly ionized "tail"" of the bunch in the
interaction region.

In conclusion we shall mention that the results obtained here must be considered
" as preliminary. This is especially true for the optical measurements which charac-

terize not the leading but some middle part of the bunches, Thus for the verification
;ge results of interaction, it is necessary to measure the radius, the particle
dens ty and the temperature in the leading part of the interacting plasmmds
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